Background: Protein-energy wasting (PEW) is common in patients with chronic kidney disease (CKD), and is associated with high morbidity and mortality. Malnutrition-Inflammation Score (MIS) has significant correlations with prospective hospitalization and mortality, as well as measures of anemia, inflammation, and nutrition in dialysis patients. Material and Methods: The study was conducted on 100 adult patients of CKD selected from K&D clinic PGIMS, Rohtak. All the patients went under detailed socioeconomic, clinical, biochemical and radiological examination. The average of three measurements of body weight, height, triceps skin fold thickness (TST), and mid-arm muscle circumference (MAMC) were measured in all patients. MIS was calculated for all the patients. Results: Out of total 100 patients, 64 were male and 36 were female. Overall, the prevalence of malnutrition was 60%. A total of 42%, 16% and 2% patients had mild, moderate and severe malnutrition respectively. Our study also shows significant association between staging of CKD (3 to 5-D) and MIS. A significant negative correlation was found between MIS and factors such as BMI, eGFR, serum calcium and hemoglobin levels. A significant positive correlation of this score was found with blood urea serum creatinine, serum uric acid, serum potassium and serum phosphate. Multivariate analysis showed significant association between MIS and serum albumin, TIBC, BMI, family income and hs-CRP. Conclusion: Assessment of key components of malnutrition and inflammation early in disease course will help to identify high risk subjects in whom modifying these predictors will help in providing active and healthy life for CKD patients. 
INTRODUCTION
Corresponding author: Dr. Deepak Jain, Associate Professor, Department of Medicine, Pt. B.D. Sharma University of Health Sciences, Rohtak-124001 (Haryana), India, e-mail:jaindeepakdr@gmail.com, Ph: +91-9416147887 CKD of approximately 10% to 14% in the general population in developed countries. [1] In absence of exact data and large population based studies, the exact prevalence is not known, but problem is likely to be much more in developing countries like India. Patients with chronic kidney disease constitute a significant social and economic burden, both in terms of resource utilization and indirectly through loss of productivity and impaired quality of life.
The concept of protein-energy wasting (PEW) was proposed by the International Society of Renal Nutrition and Metabolism (ISRNM) in 2007 and it refers to the multiple nutritional and catabolic alterations that occur in CKD and associated with increased morbidity and mortality. [2] Multiple mechanisms which are inherent to CKD including hormonal derangements, co-morbidities, under nutrition, dialysis procedure, inflammation, and other consequences of uremic toxicity lead to PEW. PEW may cause infection, CVD, frailty and depression. These complications may also further increase the extent of PEW. [3] According to many western and Indian studies there is high prevalence of PEW in patients with CKD and in patients with end stage renal disease (ESRD) on dialysis. [4, 5] Due to use of different diagnostic tools in various studies, the prevalence of malnutrition ranges widely from 20-50% at different stages of CKD. [6] Several clinical, nutritional, and biochemical parameters have been used to assess the PEW in CKD patients. Since there is still lack of single method to reliably diagnose the nutritional status of CKD patients, various tools with use of objective and/or subjective markers have been recommended. [7] The Subjective Global Assessment (SGA) and the Malnutrition-Inflammation Score (MIS) are commonly used nutritional scoring system for PEW assessment. [2] The Malnutrition-Inflammation Score (MIS) developed by Kalantar-Zadeh is a combination of anthropometric data, biochemical data and SGA. MIS has significant correlations with prospective hospitalization and mortality, as well as measures of anemia, inflammation, and nutrition in dialysis patients. [8] PEW and inflammation are common and usually concurrent in CKD patients. [6] Higher levels of inflammatory markers are associated with accelerated rate of CKD progression and disease related complications. [9] The nutritional condition of CKD and ESRD patients remains a significant cause for concern despite the better understanding of the pathophysiologic mechanisms of PEW. Whenever the first sign of malnutrition is observed, strategies with multimodal targets like dietary supplements, nutritional counselling and psychosocial interventions should be considered as early diagnosis and treatment can improve the prognosis for CKD patients and reduce economic costs connected with treatment. [10 ] The purpose of assessing malnutrition and inflammation is to identify patients at risk for complications and poor clinical outcome because these two are major prognostic determinant factors in patients with CKD and these two conditions often coexist in Indian patients with CKD. There is paucity of data from developing countries like India and most of the available data is from western countries. Hence the present study was done at our tertiary care centre to study the Malnutrition Inflammation Score and its relationship with inflammatory markers associated with chronic kidney disease.
MATERIAL AND METHODS
The study was conducted on 100 adult patients of chronic kidney on regular follow up of Kidney and Dialysis (K & D) clinic at Pt. B.D. Sharma PGIMS, Rohtak, India. After taking written informed consent and a thorough history, each participant went under detailed clinical, biochemical and radiological examination. All the patients were assessed for education level, occupation and family income per month as per revised Kuppuswamy's model. [11] Patients with pre-existing gastrointestinal disease, pregnancy, chronic liver and inflammatory disease, HIV/AIDS, with any malignancy and refusal to cooperate with the study were excluded. The study was approved by ethical committee of Pt. B.D. Sharma University of Health Sciences.
All the included patients were equally divided into four groups: Group A, B, C and D based on CKD staging.
Group Morning blood samples were taken after an overnight fasting for generation of plasma and serum for biochemical parameters analysis. Blood hemoglobin, blood urea, random blood sugar, serum creatinine, uric acid, sodium, potassium, calcium, phosphate, total protein and creatinine were analyzed using certified methods at the department of biochemistry at PGIMS, Rohtak. Creatinine clearance was calculated using MDRD formulae. Serum ferritin, hs-CRP and serum lipoprotein (a) were used to assess the inflammatory state of the patient. High-sensitivity C-reactive protein (hs-CRP) was measured by immuno-turbidimetry assay, albumin was measured by colorimetry assay, total iron binding capacity (TIBC) was measured by automated DTIBC assay, serum lipoprotein[Lp(a)] was measured by enzyme-linked immunosorbent assay and serum ferritin was measured by enzyme immunoassay. Serum ferritin >200 µg/L, hs-CRP >3 mg/L or serum lipoprotein(a) >30 mg/dL was taken as presence of inflammation.
The average of three measurements of body weight, height, triceps skin fold thickness (TST), and mid-arm muscle circumference (MAMC) were measured in all patients. Body mass index (BMI) was calculated in all patients.
Each patient was assessed for nutritional status by using Malnutrition Inflammation Score (MIS). [8, 12] Grading of MIS was done (Table  1 ) and patients were divided into 4 subgroups on the basis of score for further analysis.
Group 1 consisted of patients with MIS 0-2, indicating normal nutritional status Group 2 consisted of patients with MIS 3-5, indicating mild malnutrition 
Group 3 consisted of patients with MIS 6-8, indicating moderate malnutrition
Group 4 consisted of patients with MIS 9-30, indicating severe malnutrition All the four groups were further analyzed for their correlation with renal function and other specific investigations and results were recorded and analyzed.
Statistical analysis
At the end of the study, the data was expressed as mean±1SD or range. Probability values of <0.05 were considered to be significant in all the analyses. ANOVA test and all other appropriate tests were used to analyze differences in quantitative variables between the groups. The correlations were tested using Pearson correlation coefficient analysis. All statistical calculations were carried out using SPSS 20.0 software.
RESULTS
Out of total 100 patients, 64 were male and 36 were female. Majority of patients (74%) were above 45 years of age and were equally distributed in all groups. The mean age of study population was 53 years, ranging from 25 to 81 years. The most common cause of CKD in all groups was diabetes mellitus (38%) followed by hypertension (24%) and chronic glomerulonephritis (12%). Most of the patients were farmers (29%) as most of the study population was from rural area. In our study majority of patients were educated upto secondary school, 27 patients studied upto higher secondary school and 9 patients were graduate. Most of the patients were from lower and middle family income class. There was no statistically significant difference between all CKD groups regarding age, sex, education, occupation and primary etiology. General characteristics of the studied population are summarized in Table 2 . On the basis of MIS, malnutrition was present in 60 patients (60%) with mild, moderate and severe malnutrition present in 42, 16 and 2 patients respectively. It was seen that as the CKD stage advances the number of patients without malnutrition decreased and the severity of malnutrition increased gradually (Table 3) . The percentage of patients with malnutrition increased in a step wise fashion as GFR declines.
All the inflammatory markers were mostly elevated in group D patients indicating high prevalence of inflammation in ESRD patients (Table 4) . Table 5 shows Pearson correlation coefficients (r) between the patients' MIS and nutritionally relevant parameters. Pearson cor- relation coefficients (r) between the malnutrition score and other parameters were highly significant (P<0.01) for income (r=-0.773), weight (r=-0.346), BMI (r=-0.343), Hb (r=-0.383), urea (r=0.364), eGFR (r=-0.471), serum albumin (r=-0.439), TIBC (r=−0.466), hs-CRP (r=0.784) and lipoprotein(a) (r=0.673). The malnutrition score was also significantly correlated (P<0.05) with serum potassium (r=0.253) and calcium (r=-0.204). However, no significant correlation was found between the malnutrition score and gender or other laboratory parameters. Table 6 describes general patient characteristics according to the severity of MIS. Across increasing scores, patients were more often with low family income, low BMI and also had a lower GFR. Whereas urea, creatinine, phosphorus, hs-CRP and lipoprotein(a) were increased, the levels of hemoglobin, serum protein, albumin and TIBC were incrementally reduced across increasing MIS groups. Additionally, there was a progressive worsening of all indicators of nutritional status analyzed. A multivariate analysis using linear regression was done to find the covariates of MIS score. On preparing a model including only the objective components of MIS score (BMI, Serum Albumin, and TIBC) it was found that the model is statistically significant (p<0.001), had a predictive value of 42% (R2=0.420) and each covariate had a statistically significant effect on the MIS score [ Table 7 (a)]. This was in concordance with the existing validation of the MIS score which depends on these three key objective parameters. To improve the predictive value of the linear regression model above, additional covariate variables were included based upon the univariate analysis. Three additional covariates-income, eGFR and hs-CRP were added to the model [ Table 7 (b)]. The predictive value of the model increased to 78.6% (R2=0.786), with income and hs-CRP significantly affecting the MIS score (p<0.001). Overall, this model was also statistically significant (p<0.001). 
ASSESSMENT OF MALNUTRITION INFLAMMATION SCORE IN DIFFERENT STAGES OF CHRONIC KIDNEY DISEASE

DISCUSSION
Chronic kidney disease is an emerging health problem in both developed and developing countries. It is a progressive and life-long condition with multiple co-morbidities of which malnutrition is important health related issue.
PEW is common in patients with CKD especially in those with ESRD and it is associated with high morbidity and mortality. Dietary restrictions and insufficient food intake due to poor appetite leads to malnutrition, but the pathophysiology of PEW cannot be fully explained by these factors alone and many other factors must be present for PEW to develop. Endocrine disorders, chronic inflammation, metabolic acidosis, uremia-induced alterations such as increased energy expenditure that lead to hypermetabolism like state and result in excess muscle and fat catabolism are the other factors which have been shown to play an important role in pathophysiology. In addition, many comorbid conditions which are commonly prevalent in CKD patients also contribute to the development of PEW. [3] PEW and inflammation are common and usually occur concurrently in maintenance dialysis patients and they are potential candidates for the high rate of hospitalization and mortality in CKD patients, collectively termed as malnutrition inflammation complex syndrome (MICS). [13] Several markers are used for the detection of inflammatory status in patients with CKD. CRP, high sensitivity CRP (hs-CRP), TNF-α, adiponectin, ESR, hepcidine and serum ferritin all are increased in chronic renal failure while serum albumin, LDL and HDL cholesterol levels decreased. [14] Although there is a lack of a single measure that can reliably assess the nutritional status of CKD patients, the MIS represents an advance over single measures in the assessment of nutritional status. MIS was first used in 2001 as a complete and quantitative tool. It correlated significantly with prospective hospitalizations, morbidity and mortality in MHD patients. [8] The prevalence of malnutrition was found using the MIS. The prevalence in our study (60%) was found to be slightly higher than reported from the western world (10-54%). [15] A total of 42%, 16% and 2% patients had mild, moderate and severe malnutrition, respectively. Prakash et al. also found a high prevalence of malnutrition (65%) in CKD patients in India. [16] Ebrahimzadehkor et al. reported in their study that 25% of patients on hemodialysis were normal nourished, 54.3% of patients were mild malnourished, 20.8% were moderately malnourished, and no one of them was severe malnourished. [17] These findings can be explained by the facts that in Indian population most of the people have low income status, low level of education with poor approach to a good medical facility leading to negative effect on health status. In our study no difference in MIS score was found on the basis of age <55 year and ≥55 year and gender of the patients. The correlation between MIS and family income was calculated and it was found to be statistically significant (p<0.001), indicating higher prevalence of malnutrition in lower income groups. Poverty and under nutrition seems to be very significant factors for malnutrition in India like in other developing nations. High education level results in better nutrition knowledge and higher general socio-economic condition of family, both these factor increase the food purchasing power and improve the nutritional status. However, our study -failed to find any correlation. Patients with malnutrition had higher level of blood urea and serum creatinine indicating that advanced renal failure leads to higher prevalence of malnutrition in comparison to early stage renal failure. Renal insufficiency is a catabolic and inflammatory state and it is evidenced by the fact that independent of relevant demographic, social, and medical condition, renal insufficiency was strongly associated with malnutrition. In the present study, we observed that eGFR of patients with malnutrition was much lower in comparison to non-malnourished cases (p<0.001). eGFR progressively decreased from group 1 to 4. Similarly the MIS impaired progressively and significantly across the groups with the highest scores seen in group D of CKD patients. This confirms that as CKD stage advances the nutrition of patients gets worse. Our study also shows significant association between staging of CKD (3 to 5-D) and MIS (p<0.01). Our findings were consistent with other studies which have shown significant association between CKD stages (3 to 5) and MIS (p<0.001). [18] Garg et al. reported that one third of individuals with malnutrition had GFR <60 mL/ min/1.73m 2 and in a multivariate analysis, after adjustment for relevant demographic, social, and medical conditions, low GFR was independently associated with malnu-trition suggesting that decreased renal functions are an important independent risk factor for malnutrition. [19] This study showed low BMI in the malnourished groups of patients in comparison to the non-malnourished group and this difference was statistically significant (p<0.05). Serum total protein and albumin levels in patients with CKD were also significantly (p<0.05) lower in the malnourished groups of patients in comparison to the non-malnourished group. Prakash et al. also reported that serum total protein and albumin were higher in the non-malnourished CRF patients in comparison to malnourished patients (5.74 ± 0.38 mg/dL vs. 5.50 ± 0.40 mg/ dL, p<0.05; 3.68 ± 0.55 mg/dL vs. 3.18 ± 0.58 mg/dL, p<0.05). [16] Serum albumin level is an indicator of visceral protein stores and low level of albumin is suggestive of malnutrition or inflammation. It is a strong predictor of mortality in hemodialysis patients. [10] The correlation of MIS with various other parameters was calculated using Pearson correlation to determine the significance and strength of associations. A significant negative correlation was found between malnutrition inflammation score and factors such as BMI (r=-0.343, p<0.01), eGFR (r=-0.471, p<0.01), serum calcium (r=-0.204, p<0.05) and hemoglobin levels (r=-0.383, p<0.01). It indicates that patients with low BMI, low eGFR and decreased hemoglobin tend to have high score and worse nutritional status. This means that patient's health perception is not only related to the renal function, but also to other conditions like anemia and bone mineral disorder which are commonly found in patients of CKD. A significant positive correlation of this score was found with blood urea serum creatinine, serum uric acid, serum potassium and serum phosphate. This correlation suggested that high levels of blood urea, creatinine, uric acid and phosphate were associated with poor nutritional status. By screening for these parameters already from an early stage, the possibility for treatment and secondary prevention may increase and contribute to improved well-being and function. Even by multivariate analysis significant association was found between MIS and serum albumin, TIBC, BMI, family income and hs-CRP. By adding income and hs-CRP, predictive value increased significantly. The findings suggested that along with MIS, family income and inflammatory markers like hs-CRP, added more value for early diagnosis and screening of these patients. Similar results were also found by Ho et al. and Kalantar-Zadeh et al. [8, 20] Multiple factors affect the prevalence of inflammation such as geographies, genetic differences, residual renal function, co-morbidities, dialysis therapy and various markers used in diagnosis of inflammation. The prevalence of inflammation varies from 30-75% in CKD patients. Variety of factors like oxidative stress, decreased clearance of cytokines, infectious complications and dialysis-related factors leads to persistence of low grade inflammation in CKD patients. [21] In general, iron deficiency anemia is associated with low serum ferritin levels. Serum ferritin which is used as a marker of iron status is also an inflammatory marker. As already described that prevalence of inflammation is high in CKD. Hence, it is quite possible that high levels of serum ferritin are procreated by inflammation independently of iron stores and the higher ferritin level in the patients with severe MIS may suggest more severe inflammatory status instead of better iron store. Kalantar-Zadeh et al. observed that both high serum ferritin and low serum albumin were significant markers of dialysis mortality. [22] In this study serum ferritin levels were higher in the malnourished CKD patients in comparison to non-malnourished patients but difference was not statistically significant. In CKD patients, hyperferritinemia and refractory anemia including EPO hyporesponsiveness is associated with MICS which also leads to poor clinical outcome including a high rate of mortality and hospitalization and diminished quality of life. [23] The mean value of serum hs-CRP and lipoprotein(a) showed an increasing trend from group 1 to 4 and this was statistically significant (p<0.05). Patients with higher levels of hs-CRP and lipoprotein(a) had high MIS. There was a strong positive correlation between hs-CRP, serum lipoprotein(a) and MIS with values of correlation coefficient, r=0.784 (p<0.01) and 0.673 (p<0.01) respectively for hs-CRP and lipoprotein(a). Haemodialysis patients are at greater risk of cardiovascular disease. Dyslipidaemia as well as inflammation have been associated with higher cardiovascular morbidity and mortality in these patients. High Lp(a) in blood is a risk factor for coronary heart disease (CHD), cardiovascular disease (CVD), atherosclerosis, thrombosis, and stroke. [24] Higher troponin levels were
